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S U M M A R Y  

The i n c r e a s e d  l e v e l  o f  r a d i o n o i s e  emiss ion  of Venus (600 - ?OOo K) 
may be expla ine t !  by " s i l e n t t 1  o r  l1glowing1' d i s c h a r g e s  i n  t h e  upper atmosphere 
which induce  r a d i o n o i s e  a c c r e t i o n  by 200- 300°Kabove t h e  t r u e  the rma l  
r a d i o  emiss ion .  

a tmosphe r i c  d i s c h a r g e  i n s t e a d  of yhenomena of thunders torm c h a r a c t e r  i n h e r e n t  
t o  E a r t h ,  may be t h e  ex t remely  s low r o t a t i o n  of  t h e  p l a n e t ,  w i t h  t h e  connect-  
ed l i t t l e  t u r b u l e n t  b u t  q u i t e  i n t e n s e  a tmosrhere  c i r c u l a t i o n  encompassing 
n e a r l y  i ts  e n t i r e  s u r f a c e .  

mat ion  i n t o  r a d i o n o i s e  e n e r , q , t h r o u g h  i n t e r m e d i a t e  s t a g e s , i n t o  t h e  atmosphe- 
r e  c i r c u l a t i o n  energy  and t h a t  of e l e c t r i c  c u r r e n t s , d e m o n s t r a t e  t h e  r e a l i t y  
of t h e  proposed l l p i s -d i scha rge l r  model of r a d i o n o i s e s .  

The main f a c t o r  de te rmining  t h e  development of  a l t s i l e n t l t  o r  f tglowinclt  

The c a l c u l a t i o n s  of t h e  e f f i c i e n c y  of S u n ' s  t h e r n a l  energy  t r a n s f o r -  

* * *  
Radioas t ronomica l  o b s e r v a t i o n s  of Venus i n  wavelengths  of 10, 3 ,  0.8 

and 0.4 cm c1 - 63 have shown t h a t  t h e  r a d i o n o i s e  emiss ion ,  o r i F i n a t i n q  from 

t h e  p l a n e t ' s  d i s k ,  cor responds  t o  t h e  t h e r m a l  r a d i o  emis s ion  o f  a blackbody 

h e a t e d  t o  a t empera tu re  & 7 0 0 ° K ( i n  t h e  3 and 10 cm wzvelengths)  and t o  400- 
5 0 0 ° K ( i n  t h e  0,8 and 0.4 cni bands). Var ious  hypotheses  were brought  forward 

t o  e x p l s i n  such  a h igh  l e v e l  of r a d i o  emis s ion :  

- t h e  rad- ionoise  eniission o r i z i n a t e s  from t h e  p l a n e t ' s  s u r f a c e ,  h e a t -  

ed  a t  t h e  expense of t t e  ltgreenhouset'  e f f e c t  i n  t h e  ntmosptere [7]; 
- t h e  emiss ion  i s  induced by t h e  motion of charged p a r t i c l e s  i n  t h e  

heslted and c u i t e  r a r e f i e d  l a y e r s  of Venus' ionosphere  [7,8]. 
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One o f  t h e  methods f o r  choos ins  between t h e s e  hypotheses  would be 

t h e  exper iment  on t h e  i n v e s t i g a t i o n  of i n t e n s i t y  d i s t r i b u L i o n  of r a d i o n o i s e s  

a l o n g  t h e  p l a n e t ' s  d i sk .  It was shown i n  [9], f o r  example, t h a t  t h e  "darken- 

i n c  toward t h e  limb" would cor respond t o  t h e  eraission of  p l a n e t ' s  h e a t e d  s u r -  

face, whereas t h e  "b r igh ten ing  toward t h e  limb1t woulC be a s c r i b e d  t o m  iono- 

s p h e r i c  o r i g i n  of  r a d i o n o i s e s .  

An a t t e m p t  of  i n v e s t i p a t i n r  t h e  r a d i o n o i s e  d i s t r i b u t i o n  alon,? t h e  

d i s k  of t h e  p l a n e t  was c a r r i e d  out  d u r i n p  Mariner-2 f l i g h t  t o  Venus, equipped 

on t h a t  occas ion  wi th  a r a d i o m e t r i c  a p p a r a t u s .  

F i y u r e s  1 end 2 i l l u s t r T t e  t h e  dat-7. on t h e  work of  i i a r iner -2  r z 2 i o -  

meter  p u b l i s h e d  i n  [ 9 ,  1@]: t h e  r e r i s t r a t i o n  of  t e l e m e t r i c  siEnals and t h e  

scannin,-  scheme rlf.onr t:ie p l m e t ' s  d i sk .  As may be s e e n  from F ig .2 ,  t h e r e  

were t h r e e  pas sages  d o n ?  t h e  d i s k  i n  c.11 : t h e  median passage  c o i n c i d e d  

w i t h  t h e  p l z n e t ' s  t e rminn to r  , ,and t h e  ttro mar,r:inal ones  pas sed  r e s p e c t i v e l y  

by t h e  daytime and n igh t t i l ne  s i d e s .  As is w e l l  known, t h e  Mariner-2 f l i g h t .  

pas sed  a t  an unexpec ted ly  F r e a t  d i c t ance  

ob ta ined  d e t a i l s  of r a d i o b r i r h t n e s s  d i s t r i h u t i o n  were below t h e  a n t i c i a z l t e d ,  

be inE c h a r a c t e r i z e d  by a nu.,:ber of independent  r e a d i n r s  of  t h e  o r d e r  of 5 t o  

8 f o r  R s i n r l e  passage. 

from t h e  plz.net, s o  t h a t  t h e  

T h e r e f o r e ,  Mariner-2 f a i l e d  t o  p rov ide  a d e t a i l e d  p i c t u r e  of r a d i o -  

b r i g h t n e s s  d i s t r i b u t i o n  a l o n g  t h e  d i sk .  The d a t a  o b t a i n e d  may be  t r e a t e d  a6 

bo th ,  t h e  regu1,ar "bri; ;htening toward t h e  c e n t e r  c h w a c t e r i s t i c  of t h e  

f lgreenhousef f  h:rpo t h e s i s ,  and as a c e r t a i n  o t h e r  d i c  t r i m t i o n ,  charnc  t e r i e t i c  

f o r  example, o f  t h e  b r i E h t n c s s  i n c r e a s e  i n  t h e  te r l l i ina tor  region $or the 
i igas-d ischarge l l  model cons ide red  below. 

f h e  so luL ion  of t h e  n rob len  of t h e  n a t u r e  of Venus' r a d i o n o i s e  emis- 

s i o n  i s  made no re  complex by t he  f a c t  t h z t  n e i t h e r  t h e  t lg reenhouser f ,  n o r  t h e  
" ionospher ic r1  hypotheses  have found to-da te  a f u l l  t h e o r e t i c a l  s u p o r t .  Yhe 

main d i f f i c u l t y  i n  e x y l n i n i n g  t h e  "greenhousell model c o n s i s t s ,  as is sLom 

by J a s t r o w  and Rasool E l l ] ,  i n  t h a t  we h m e  t o  assme an ex t r eme ly  h i g h  

d e p e e  of  o p a c i t y  of Venus' atmosphcre i n  i n f r a r e d  rays i n  o r d e r  t o  e x p l a i n  

t h e  s u r f a c e  h e a t i n r  t o  6coo I; a t  thc e--yense of 'lgreenhouse" e f f e c t .  These 

a u t h o r s  have shown t h a t  when account in?  f o r  t h e  r a d i a t i o n  h e a t  t r a n s f e r ,  one 
s h o u l d  admit an o p t i c a l  thicl-mess of t h e  atmosphere e & u a l  t o  60, t h a t  is, 
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a non t ranspa rence  c h a r a c t e r i e e d  by emiss ion  1s t r a n s m i s s i o n  f a c t o r  th rough 

t h e  atmosphere e q u a l  t o  e-6o = lfien e x p l a i n i n g  t h e  " ionospher ic"  

h y p o t h e s i s ,  one should  admit t h a t  the  e l e c t r o n  c o n c e n t r a t i o n  i n  t h e  ionosphe- 

r e  of Venus exceeds t h a t  i n  t he  t e r r e s t r i a l  atmosphere by about  1000 times. 
The c a u s e s  of such a h i c h  e l e c t r o n  c o n c e n t r a t i o n  a r e  unexplained,  which cons- 

t i t u t e s  t h e  p r i n c i p a l  d i f f i c u l t y  i n  t h e  t h e o r e t i c a l  foundat ion  of t h e  iono- 

sphe re  hypo thes i s .  

01 I I I I I I I 1 i I 1 I I I I I A,' I I I 1 I I I I J  
15 1 155 160 165 f0 15 6 p e M R  

Timc 
Fig.1.  - R e c i s t r a t i o n  of t e l e m e t r i c  s ignals  from t h e  

rad iometer  of Mariner-2 

I n  connec t ion  w i t h  t h e  above d i f f i c u l t i e s  it appecvs  t o  be i n t e r e s t i n g  

t h a t  t h e  s o - c a l l e d  l l s i l e n t l l  and llglowingll e l e c t r i c a l  d i s c h a r g e s  i n  a r a r e f i e d  

gas may induce q u i t e  an i n t e n s e  r a d i o n o i s e  emiss ion  a t  s u b s t a n t i a l l y  weaker 

r a d i a t i o n  i n  t h e  i n f r a r e d  and o p t i c a l h a n d s .  

'thus, €or  e x a q l e ,  f l u o r e s c e n t  t u b e s ,  filled by an i n e r t  gas  at pres- 
6ure  of t h e  o r d e r  of l - l O m m H g ,  u s u a l l y  induce  r a d i o n o i s e  emiss ion  i n  t h e  
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and corresponds  t o  tempera tures  of the  o r d e r  

o f  300 - 4000K (as an averape f o r  t?ie band, 

o m i t t i n g  t h e  narrow b,;ncls of the  l i n e  spec-  

t r u n  of t h e  d i scha rge  glow) ,  The dependence 

on wavelcmgth of Venus Froper  emission i n -  

? 

60 

40.- 

t e n s i t y  has t h e  sane  ch,a.racter: t h e  h i c h  2 0 -  

t empera tu res  i n  t h e  c e n t l x e t e r  b 'md  (,SO0 - 
700' K) match t h e  lower t empera tures  i n  t h e  

U -  

microwaves (400 - 500' K) and wi th  a tenpe-  -20- 
r a t u r e  of the  o r d e r  235- 240'IC i n  t h e  

i n f r ? ? e d .  T h i s  why we may assume t h e t  si- 

p l a c e  i n  t h e  r a r e f i e d  l a y e r s  of  Venus' 

-uo': 
l e n t  and glowing e l e c t r i c  d i s c h a r p s  t a k e  
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Ina6mUch a6 t h e  mob i l i t y  of e l e c t r o n s  and i o n s  r i s e s  w i t h  h e i g b t ,  t h e  atmo- 

s n h e r e  h a s  i t s  higheEt  conductance i n  t h e  upper  r a r e f i e d  l a y e r s .  Consequent- 

ly, if t he  cha rges  of  v a r i o u s  denominations a r e  s c a t t e r e d  s u f f i c i e n t l y  f a r ,  

t o  a d i s t a n c e  exceed in8  by s e v e r a l  t imes  t h e  . he igh t  a t  which the  conductance 

is maxim-, the  e l e c t r i c  c u r r e n t ,  ba lanc ing  t h e  c o n s t a n t  accumulat ion of  cha r  - 
g e s ,  w i l l  pass th rough t h e  upper  l a y e r s  of t h e  atmosphere c r e a t i n g  w i t h i n  i t  
e f f e c t s  of t16 i len t ' t  and/or "glowingt1 d i s c h a r g e  (F ig .  3 ) -  

Thus, acco rd ing  t o  t h e  assumption j u s t  made, t h e  thermal  eneriyj  of 

t h e  Sun t r a n s f o r m  i n t o  r a d i o n o i s e s  i n  two 

ways : rrel.1 conductink; a tm, l s ,  . 

- i n  the  form 

n o i s e  emis s ion  of  a 

- i n  t h e  form 

"glowing d i scha rge .  

of t he  s t a n d a r d  rad io-  

hea ted  body; 

of r a d i o n o i s e s  of a 

A t  t h e  same time t h e  thercicl  ener -  

gy of t h e  Sun t r a m f o r m s  i n t o  energy of 

f f Yecxue manu ,-- I I' 

F i g ,  3.  - Atmospheric c a r r e n t s  
on a E lowly - ro t a t ing  p l a n e t .  

a tmosphe r i c  flows, t hen  i n t o  energy o f  
a tmosphe r i c  e l e c t r i c  current .F,  and f i n a l l y  i n t o  the  r a d i o n o i s e  enusc ion  of 

t h e  g n ~  d i scha rge .  

The i n t r o d u c t i o n  of the  assumption t h a t  p a r t  of t h e  r a d i o n o i s e s  i r  

induced  by t h e  gas d i scha rge  does not exc lude  t h e  assumption of  p l a n e t ' s  

atmosphere h e a t i n g  by t h e  "greenhouse" e f f e c t  t h a t  t ake6  p l ace  i n  t h e  atrnwvhe- 

res of t h e  E a r t h  and I x r B ,  and which must be p r e s e n t  t o  a cons ide rab ly  g r e a t e r  

deg ree  i n  t h e  atmosphere of Venus. However, assuming t h e  presence  of t h e  l tglou- 

ing" gas d i s c h a r g e ,  i t  is p o s s i b l e  t o  limit o u r s e l v e s  t o  "greenhouse" e f f e c t  

conmensurate w i t h  t h a t  on t h e  o t h e r  p l a n e t s  no t  connected wi th  t h e  d i f f i c u l t  

t o  e x p l a i n ,  ex t remely  g r e a t  t h i c k n e s s  of the  atxaosphere i n  t h e  i n f r a r e d .  

T a k i n g  t h e  va lue  T,, = 6 0 0 0 ~  a s  the most probable  f o r  t h e  r a d i o n o i s e  tempe- 

r a t u r e ,  and assuming t h e  t r u e  s u r f a c e  tempera ture  of Venus w i t h i n  t h e  range 

T =340 + 4000R, we o b t a i n  f o r  the e s t i m a t e  of gas d i s c h s r g e  r a d i o n o i s e s  
8 value 
f o r  t h e s e  i n i t i h l  d a t a .  The r a d i o n o i r e  pov:er f l u x  from a u n i t  of a r e a  

may be determined by t h e  RayleizTh- J e a n s  i n t e g r a t i o n  a long  t h e  wavelenyth 

ATgd ~ 2 0 0  4- 2600 Iz. . Let  U s  c o n s i d e r  t h e  gas d i s c h a r g e  energy  
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r ange  

where Frn is  t h e  rndionoiPe  ?over  f lux ,  Trc i ;c  t h e  rFdionoiFe tempera ture  

i€ t b e  wavelength,  k if; tl-c S?l.tzr?lann c o n s t a n t ,  c i s  an  e lec t rodynamic  

c a n ~ t a n t  

T h e  c o n t r i b u t i o n  5.3 tke flux F,, f r a n  gav' dinchar::e n o i s e s  may be 
ob ta ined  by s u b s t r a c t i n g  t h e  flux 01 p u r e l y  the rma l  n o i s e s  

where Fad is t h e  gas disckizrgt A-~d io . io i ee  f l u x ,  FT is t he  power f l u x  of 
p u r e l y  the rma l  radionoifiefi . 3 

The q u a n t i t y  FT is deterlcined by s imple  s u b s t i t u t i o n  i n t o  (1) of 

25 ; t!-Jus 
t h e  mean t empera ture  of  p l a n e t ' s  heated s u r f a c e  T 

The f l u x  o f  t h e r m d  enersy  from t h e  Sun, 8 S ~ o r b e d  by t h e  p l a n e t  sur- 

f a c e  and r e f e r r e d  t o  a u n i t e r y  a r e a ,  t a k i n a  i n t o  account  t h e  s p h e r i c a l  shape  

of t h e  p l a n e t ,  w i l l  be as an average 

where S is t h e  s o l a r  c o n s t s n t  a t  Venus' o r b i t  and A is t h e  albedo.  

U t i l i z i n g  ( 3 )  and (41, we o b t a i n  t h e  e f f e c t i v e n e s s  o f  Sun's thermal  energy  

t r a n s f o r m a t i o n  i n t o  gas d i scha rge  r a d i o n o i s e s ,  r e q u i r e d  f o r  r a i s i n g  t h e  ob- 

s e r v e d  r a d i o n o i s e  tempera ture  by AT 

6 

gd 

S u b s t i t u t i n g  S* = 2 .63  10 6 erg-cm-?sec' l ,  A = 0.61, xo = 3 cm and 

= 200 + 260° K ,  we o b t a i n  *gd 
= (1,835 f 2,52) IO-" 2 IO-''. 
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I n  l a b o r a t o r y  c o n d i t i o n s  t h e  liglov.ringll d i s c h a r g e  i n  a gas  i s  known 

i n  t h e  form of  a p o s i t i v e  l i rAnescence  column i n  f l u o r e s c e n t  t u b e s  

p .  19). The t h e o r e t i c a l  and expe r imen ta l  i n v e s t i g e t i o n s  Show t h a t  : 

(c121,  

- t h e  e f f i c i e n c y  of ene rcy  t r a n s f o r m a t i o n  of  an e l e c t r i c  d i r e c t  cu r -  

r e n t  i n t o  r a d i o n o i s e  energ-r m i y r  be determined i f  t h e  dimensions of  t h e  fluo-.  

r e F c e n t  t u b e ,  t h e  c u r r e n t  v o l t a p e ,  t h e  e l e c t r i c  f i e l d  g r a d i e n t  i n  p o s i t i v e  

luminescence  and its r a d i o n o i s e  t empera tu re  are known: 

- t h e  power l o s t  f o r  gas h e a t i n g  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  

a tomic  weight of t h e  g a s  f i l l i n g  t h e  t u b e ;  

- t h e  e f f i c i e n c y  improves wi th  t h e  d i ame te r  i n c r e a s e  o f  t h e  f luo rescmt  

tube  ; 

- t h e  e f f i c i e n c y  i q r o v e s  wi th  t h e  dec rease  of d i acha rge  lumincnce, 

t h a t  is,  w i t h  t h e  t r a n s i t i o n  from t h e  luminous llglowingl? t o  t h e  f ? s i l e n t l l  

nonglowing d i s c h a r g e ,  f o r  at t h a t  t ime energy  l o s s e s  are c u r t a i l e d  a t  t h e  

expense of i n e l a s t i c  c o l l i s i o n s  of e l e c t r o n s  wi th  atoms accompanied by 

luminescence .  

The a v a i l a b l e  expe r imen ta l  d a t a  ( s e e  Add.1) p o i n t  t o  t h e  po rF ib i -  

l i t y  of o b t a i n i n g  i n  l a b o r e t o r y  f l u o r e s c e n t  t u b e s  an  e f f i c i e n c y  of ene rgy  
t r a n s f o r m a t i o n  of a d i r e c t e l e c t r i c  c u r r e n t  i n t o  rad.ionoises o f  t h e  o r d e r  of 

91 = loo6, and a l s o  t o  t h e  f a c t  t h a t  i n  P l a r g e - s c a l e  gas d ipcha rge  on t h e  

rcale  o f  t h e  e n t i r e  p l a n e t ,  t h e  e f f i c i e n c y  may be s t i l l  h i g h e r :  comparing 

t h i p  c u a n t i t g  w i t h  t h e  g e n e r a l l y  rec,uired e f f i c i e n c y  < T I ,  we o b t a i n  f o r  

t h e  e f f i c i e n c y  of s o l a r  t h e r m a l  energy t r ans fo rn ia t ion  i n t o  t h e  e l e c t r i c  

e n e r e y  of a tmospher ic  c u r r e n t s  a va lue  qII = ?/TI 2 10 As w i l l  
be shown i n  Add. 2 , s u c h  a v a l u e  TII  may be q u i t e  r e a l i s t i c  on a s l o w l y  
r o t a t i n g  p l a n e t  . 

=4 

T h e r e f o r e ,  t h e  c h a r a c t e r i s t i c  of  atmosphere o v e r  a s l o w l y  r o t a t i n g  

p l a n e t  p o i n t s  t o  t h e  p o f i s i b i l i t y  o f  development i n  t h e  upper  a tmosphere ,  on 

a global s c a l e ,  of " s i l e n t "  a n d  llglowing'l d i s c h a r g e s ,  c r e a t i n g  i n  micro and 

c e n t i m e t e r  waves an a c c r e t i o n  of t h e  observed r a d i o n o i s e  t empera tu re .  

Inasmuch as t h e  atmosphere c i r c u l a t i o n  of llatl:ospheric breeze"  type  end t h e  

accompanying a tmospher ic  c u r r e n t s  muEt be s t r o n g e s t  i n  t h e  t e r m i n a t o r  r e f f i o n ,  
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which I s  t h e  h y p o t h e s i s  of  presence  o f  r a d i o n o i s e s  l i n k e d  wi th  g a s  d i6-  

cha rge ,doee  n o t  c o n t r a d i c t  t h e  d a t a  o b t a i n e d  on Mariner-2. One o f  t h e  methods 

of expe r imen ta l  v e r i f i c a t i o n  of  the above o u t l i n e d  assumption might be a 

d e t a i l e d  ana lys i r :  of r a d i o b r i q h t n e s e  d i F t r i b u t i o n  by t h e  p l a n e t ' s  d iEk,  al lov-  

ing t c  d i f f e r e n t i a t e  x 3 . L :  ly t h e  ' I b r igh ten ing  toward t h e  cen ter"  from " h r i s h t -  

e n i n g  toward %.he tarmin; to r" .  

A P P E N D I X  I. 

It  i s  p o s s i b l e  t o  assume on t h e  b a s i s  of contemporary d a t a  tha t  t h e  
upper  atizosphere l a y e r s  of Venus c o n t a i n  a g r e a t  amount o f  carbon d iox ide .  
Gbs-discharge t u b e s ,  f i l l e d  wi th  ca rbon ic  a c i d  a t  p r e e r u r e  o f  a few mm.Hg, 
were SUCCe6SfLd.ly a p p l i e d  f o r  l i g h t i n g  i n  1893 - 1910 C131; however, t h e y  had 
t h e  p r a c t i c a l  shor tcoming t h a t  t he  c a r b o n d i o x i d e  r e a c t e d  chemica l ly  wi th  t h e  
m a t e r i a l  o f  e l e c t r o d e s .  In connect ion  wi th  t h i s  , d u r i n g  t h e  follo:.:ing y e a r s  
o n l y  f l u o r e s c e n t  t u b e s  w i t h  i n e r t  g a s e s :  neon, a rgon ,  helium, xenon were used. 

A s i g n i f i c a n t  number of experiments a r e  known wi th  r e g a r d  t o  energy  con- 
s u n p t i o n  and r a d i o n o i s e s  r e l a t e d  t o  tube6  wi th  i n e r t  gases .  For  gas-d ischarge  
t u b e s  w i t h  carbon d iox ide  Euch d a t a  are a b s e n t ;  however, i t  i s  p o s r i b l e ,  w i th  
t h e  a i d  o f  some t h e o r e t i c a l  p remises ,  t o  e s t i m a t e  t h e  e n e r g e t i c  and r ad io -  
n o i s e  c h a r a c t e r i s t i c s ,  by bps ing  o u r s e l v e e  on t 5 e  cvPilrSle exDerimentz1 d a t a  
even for a gas d i sche rge  i n  a r a r e f i e d  

TOK , Ma 

FIR. 4. - E l e c t r o n  t empere tu re  Te of  r: 

carbon d i o y i c e .  

T O K ,  MQ 

C u r r e n t ,  Ma 

C u r r e n t ,  Ma 
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F i g . 4 c o n s t i t u t e s  a r ep roduc t ion  of graphs  f o r  r a d i o n o i s e  Tempera- 

t u r e  T, dependence on t h e  f o r c e  of c u r r e n t  f o r  f l u o r e s c e n t  tubes  wi th  he l ium,  

neon, a rgon  and xenon, borrowed from t h e  work c141. It may be seen  from t h e s e  

graphs  t h a t  t h e  r a d i o n o i s e  tempera ture  is  s u s t a i n e d  approximate ly  c o n s t a n t  

fo r  a broad  range of gas p r e s s u r e s  and d i s c h a r g e  c u r r e n t s  ( o f  t h e  o r d e r  of 
1 + 3 1 0 $ O - K >  f o r  v a r i o u s  gases), As t h e  c u r r e n t  d e c r e a s e s  below a r p e c i -  

f i c  " threshold" ,  t h e  tempers ture  beTins t o  d rop  s h a r p l y .  Such a c h a r a c t e r  of  

dependence i s  exp la ined  by t h e  f a c t  t h e t  xhen the  e l e c t r o n s  r each  an  energy  

s u f f i c i e n t  t o  e x c i t e  t h e  a t o m ,  the  e l a s t i c  c o l i i + ? i o n s  of e l e c t r o n  w i t h  etom;. 

a r e  t o  a E i y n i f i c a n t  degree s u b e t i t u t e d  by t h e  i n e l a - s t i c  oneE. T h i s  c r e a t e e  

an e f f e c t  of r a i io t e rcpe ra tu re  l l l i m i t a t i o n l f ,  whi le  t h e  r e s i d u a l  e n e r q r  o f  t h e  

c u r r e n t  i s  expended on gas luminance i n  t h e  f i n a l  r e s o r t .  It iz v e l 1  !<i lO\m 

t h a t  by d e c r e a s i n g  t h e  gzs dificliarge c u r r e n t  t o  v a l u e s  l y i n g  w i t h i n  t h e  

l l th reshold l l  r e g i o n ,  one may o b t a i n  a d i scha rge  with as low a lulilirance b r i g h t -  

n e s s  as may be d e s i r e d ,  

I n  Fig.  5 we reproduced t h e  g raphs  publ i shed  i n  t h e  work C131 f o r  t he  

dependence o f  e l e c t r o s t a t i c  f i e l d  s t r e n g t h  i n  t h e  gas d i s c h a r g e  on t h e  p r e s s u r e  

o f  gas and t h e  dimencions of t k e  tube. 

10 CM MU pm cm - _  n lo U 8 16 
CWMM om cn:. 

$1 - 7 . nl.ll < 1,' I71 I1 iH .f- 
Fiy.  5. - Graph of t h e  dependence of  t h e  e l e c t r i c  f i e l d  

s t r e n g t h  on tube dimensions and gas p r e s s u r e  
f o r  neon (a) and he l ium ($)ClJI.  

It may be s e e n  from t h i s  graph t h a t  : 

a>  as t h e  atomic weight i n c r e a s e s ,  t h e  s t r e n g t h  of  t h e  e l e c t r i c  

f i e l d ,  t h e  o t h e r  c o n d i t i o n s  be ing  equa l ,  is approximate ly  i n v e r e e l y  p r o p o r t i o -  

n a l  t o  t h e  atomic weish t  of t h e  gas, and cozsequen t ly ,  t h e  same goes f o r  t h e  
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power consumed i n  t h e  u n i t  volume o f  t h e  charge .  Thus,  a c c o r d i n g  t o  t h e  

graph F i g .  5, 6, f o r  a c u r r e n t  of 2 5  a, 1 m H g  p r e s s u r e  i n  a tube  of 20 cm 
d i a m e t e r  f o r  hel ium (atomic %:eight 4.003) t h e  f i e l d  s t r e n g t h  is 1.6 v.cm-l, 

and f o r  neon (a tomic  weight - 20.183) i t  is 0 .4V.c!~-~ .  It  is well known 

C151 t h a t  t h e  energy t r a n s f e r r e d  per  u n i t  o f  time by e l e c t r o n s  t o  t h e  gas is  

f o r  a u n i t a r y  volume equal  t o  

where k is  t h e  Boltzmann c o n s t a n t ,  T, is t h e  e l e c t r o n  t empera tu re ,  T, is 

the  gas t empera tu re ,  ne is  the  e l e c t r o n  c o n c e n t r a t i o n ,  Tee is t h e  ---- 

mean t i m e  of  e l e c t r o n  pa th  l e n g t h ,  m6 is the  mass o f  gas p a r t i c l e ,  me is t h e  
ma6s of t h e  e l e c t r o n .  The above formula c o r r o b o r a t e s  t h e  i n d i c a t e d  dependence 

0% ene rgy  l o s s e s  on t h e  atomic weight of t h e  gas; 

b) w i t h  t h e  i n c r e a s e  of  tube diameter a t  g iven  c u r r e n t  r e f e r r e d  t o  
t h e  u n i t  of tube  s u r f a c e , t h e  Fewer expended by the c u r r e n t  f e e d i n g  t h e  d i s -  

charge  d r o p s  a l s o .  Thus, f o r  example, acco rd ing  t o  t h e  graph F iq .  5a, f o r  

neon, when t h e  p r e s s u r e  i s  1 mm Hg, t h e  d i ame te r  iF 10 cm and t h e  c u r r e n t  is  

o f  25  ma, t h e  s t r e n g t h  of the  e l e e k i c  f i e l d  is 0.6v-cmo1, which co r re rponds  

t o  power consumption p e r  1 cm2of tube  s u r f a c e  

b u t  f o r  a 20 cm d iame te r  and a c u r r e n t  of  50 14a t h e  s t r e n g t h  o f  the  e l e c t r i c  

f i e l d  is  0.3 v.cmo2, and,  consequent ly  t h e  poner ,  r e f e r r e d  t o  1 cm 

face  is  

2 of  s u r -  

0.3 0.05 . 10-7 = 2.4 . 10 3 e r g ~ c m  -2 .set" ( I , 3 )  

3.14 20 
N2 - 

T h i s  dependence is exp la ined  by t h e  f ac t ,  tha t  as t h e  diameter of 

t h e  t u b e  i n c r e a s e s ,  t h e  c o n d i t i o n s  f o r  energy y i e l d  from t h e  i n t e r n a l  r e ~ i o n s  

of  t h e  tube  d e t e r i o r a t e  on account of  conductance a6 w e l l  as of r a y  emis s ion ,  

and consequen t ly ,  a t  g iven  ener.;y lo s ses ,  t h e  gas must  have a h i g h e r  tempera- 

t u r e .  
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T h i s  i s  why t h e  a u a n t i t y  (T, - T enter iny:  i n  t h e  f o r m l a  (I,l), g '  
d e c r e a s e s  wi th  t h e  i n c r e a s e  of tube ' s  d i a m e t e r  (and ,  g e n e r a l l y ,  wi th  t h e  

d e t e r i o r a t i o n  or" c o n d i t i o n s  for energy draw-off ) ,  wbich d imin i shes  the erer'p-r 

consumption f o r  s u s t a i n i n g  t h e  d i s c h a r g e  T h i s  c i rcumetance o f f e r s  a s i r n i -  

f i ce ln t  i n t e r e a t  for t h e  hypothec is  under  c o n c i d e r a t i o n ,  inasmuch as t h e  cha- 

r e c t e r i r t i c  dimensions of tt7e gas d i s c h a r g e  i n  t h e  upper a t m o q h e r e  l a y e r s  

hove s n  o r d e r  o f  no less t h a n  u n i t i e E  of k i l o m e t e r s  ( i n  t h i c k n e s s ) ,  and 

conCenuentlTr, such  a d iecha rze  nus t  be more economical t h a n  t h e  d i s c h a r g e s  

i n  f l u o r e r e c n t  t u b e s  o f  small dimensions (o f  the o r d e r  of c e n t i m e t e r s  o r  

t e n s  of  c e n t i m e t e r s  1. 
Before c o n s i d e r i n g  t h e  e n e r g e t i c  and r a d i o n o i s e  c h a r a c t e r i c t i c s  of 

t h e  assumed d i s c h a r g e  i n  r a r e f i e d  atmosphere l a y e r s  c o n s i s t i n g  o f  carbon 

d i o x i d e ,  l e t  u s  examine t h e  energy ba lance  o f  a d i s c h a r g e  i n  an i n e r t  ga% 

t h a t  would be a b l e  t o  induce  t h e  r e q u i r e d  r a d i o n o i s e  c h a r a c t e r i c t i c e  o f  t h e  

p l a n e t .  U t i l i z i n g  t h e  example (IJ), based upon expe r imen ta l  d a t a ,  and pas- 
s i n g  t o  t h e  i n e r t  gas n e a r e s t  the  ca rbon ic  gas by p a r t i c l e  mass, t h a t  i s ,  

t o  a r g o n ,  and t a k i n g  i n t o  account  t h a t ,  acco rd inp  t o  t h e  graph (Fie. 4 ,  6 )  

t h e  r - ?d iono i se  tempera ture  of the  a rgon  d i s c h a r g e  is TAr = 1 6  000 + 20 OOOo K, 
we o b t a i n :  

- the 

- t h e  

r e m i r e d  f o r  

where S A r i s  

power of t h e  d i r e c t  c u r r e n t ,  r e f e r r e d  t o  1 cn2 o f  t ube  s u r f B c e ,  

(I (4) mHe 3 -2 -1 Nnr = - -1.2 10 erg crn s s e c  : 
"Ar 

p o r o s i t y  o f  p l a n e t  s u r f a c e  f o r  its f i l l i n g  by a rgon d i s c h a r g e  

o b t a i n i n g  dT 
ad 

A r  AT pd = - I 3 = 0.01 'i- 0.016, 
"9 T A g  

t h e  a g c r e g a t e  area of  a rgon  gas-d ischarge  r a d i o n o i s e  e m i t t e r s ,  

is t h e  a r e a  o f  Venus ' su r face ) .  

NI , t h e  power consumption of t h e  f i r e c t  c u r r e n t  p e r  u n i t  of p l a n e t  
s$! 

s u r f a c e  is e q u a l  t o  
-1 mI = qNAr = (12 4-19] erg.cm-2-sec . 

The f l u x  o f  t h e r m a l  e n e r q  f r o n  t h e  Sun, co r re rpond ing  t o  a u n i t  

of Venus' s u r f a c e  ( t a k i n g  i n t o  account t h e  a lbedo  and t h e  s p h e r i c a l  F;hEipe 

o f  t h e  p l a n e t )  i s  equa l  t o  
E' = 2.5 10 5 er,? cm-2 s e c  - 1  I 0 
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T h a t  is  why i t  is r e q u i r e d  f o r  t h e  cons ide red  example t h a t  t h e  e f f i c i e n c y  

o f  t h e  t r a n s f o r m a t i o n  of Sun ' s  t he rma l  ene rgy  i n t o  energy  of a tmospher ic  

be e q u a l  t o  c u r r e n t s  f e e d i n g  t h e  gas d i scha rge  

NI 
I- 

F@ 
On t h e  b a s i s  of t h e o r e t i c a l  

-4 
rJ 10 

c o n s i d e r a t i o n s  one may expec t  t h a t  t h e  

t r a n s i t i o n  from t h e  examired, s u f f i c i e n t l y  a r t i f i c i a l  example, t o  a r e a l l y  

assumed l a r g e - s c a l e  gas d i scha rge  i n  t h e  atmosphere, w i l l  e n t a i l  a f u r t h e r  

1owerinE o f  the q u a n t i t y  NI , and consequen t ly ,  t h e l o w e r i n g  o f  t h e  e f f i -  

c i e n c y  r e a u i r e d  f o r  t he  g e n e r a t i o n  o f  a tmospher ic  c u r r e n t s ,  111 . Indeed ,  

t h e  c h a r a c t e r i s t i c  dimensions of  8 d i s c b a r a e  i n  the  atmosphere a r e  by many 

o r d e r s  g r e a t e r  t h a n  t h e  dimensions of f l u o r e s c e n t  tUbe6, f o r  which t h e  

v a l u e s  of NE and NArwere determined, whereas t h e  w a l l s ,  removing t h e  h e a t ,  

are z e n e r a l l y  a b s e n t ,  The s u b s t i t u t i o n  o f  a n  a rgon  d i s c h a r g e  t o  a r e a l l y  

a n t i c i p a t e d  model of d i s c h a r g e  i n  carbon d i o x i d e  may l e a d  t o  f u r t h e r  impro- 

vement of o n s e t  and development c o n d i t i o n s  o f  a d i s c h a r g e .  The p resence  

i n  carbon d i o x i d e  molecule o f  numerous r o t a t i o n a l  e x c i t a t i o n  l e v e l s  w i th  

s i g n i f i c a n t l y  lower  e n e r g e t i c  l e v e l s  t h a n  f o r  monoatomic gases, m u s t  l e a d  

t o  t h e  f a c t  t h a t  t h e  e f f e c t  of e l e c t r o n  t e n p e r a t u r e  l l l i r a i t a t i o n l f  a t  t h e  

expense of t h e  o n s e t  o f  gas glow must take p l a c e  a t  lower  e l e c t r o n  tempe- 

r a t u r e s ,  o f  t h e  o r d e r  of  s e v e r a l  hundred o r  one thousand degrees  K e l v i n ;  

a t  t h e  same time t h e  emiss ion  must t a k e  p l z c e  a t  weak c u r r e n t s  and 101,. f i e l d  

i n t e n d t i e s  i n  t h e  rer-ion of l o n g  i n f r a r e d  waves f i r s t  o f  a l l .  A t  such  a 
r a d i o t e m p e r a t u r e  one should expec t  t h e  e n g u l f i n g  of  a g r e a t e r  r e c i o n  bv t h e  

d i a c h a r g e ,  t h a t  might occupy n e a r l y  t h e  e n t i r e  t e r r i t o r y  encompaEsed by t h e  

"p.lobal breeze",  t h a t  i L c ,  a r e r i o n  of t h e  o r d e r  of 0.5- 0.6 of  t h e  e n t i r e  

p l F n e t  F u r f a c e .  

The i n d i c a t e d  d i E t r i b u t i o n  i s  more advantaEeous from t h e  s t a n d p o i n t  

of e n e r e y  t h a n  t h e  prezence  of  s e p a r a t e  " s e a t s "  w i t h  h igh  r a d i o t e n p e r a t u r e ,  

f o r  h e r e  t h e  l o s s e s  l i n k e d  w i t h  energy  t r a n s f e r  from p r a c t i c a l l y  t h e  whole 

s u r f a c e  o f  t h e  p l a n e t  t o  t h e  ' 'seats" o f  r a d i o  emis s ion  are a b s e n t .  A t  t h e  

same t i m e ,  at l a r g e - s c a l e  d i scha rge  t h e  c o n d i t i o n s  o f  energy  y i e l d  by t h e  

gas th rough conductance and r a d i a t i o n  will be approximate ly  t h e  same as 



i n  t h e  e a r l i e r  cons idered  models;  consequent ly ,  t h e  r e l a t i v e  d i f f e r e n c e  

(Te - T > / T e  , a.nd a longs ide  wi th  i t  t h e  e f f i c i e n c y  o f  c u r r e n t  energy  t r e n s -  

fo rma t ions  i n t o  r a d i o n o i s e s  may have t h e  same o r d e r  as i n  t h e  types  of d i s -  

c h a r g e s  cons idered  above. 

$ 

The above e r t i n a t e a  show the  complete r e a l i t y  of t h e  develonment i r .  

Venus' atmoEphere of  " s i l en t1 '  and flglowingr' gas d i scha rge  a t  s c a l e s ,  aFcur ing  

an ave raqe  o f  tempera ture  a c c r e t i o n  about t h e  d i s k  by 2GO- 260'~. 
L e t  us  examine t h e  epnroximate parameters  o l  t h e  atmosphere i n  t h e  

701-16: of gas d iecha rqe .  Consider ing t h e  motion of eve ry  e l e c t r o n  as t h e  EUR: 

of  r e c t a n w l a r  c u r r e n t  p u k e s  w i t h  d u r a t i o n s  equa l  t o  t h e  run  t ime o f  t h e  

e l e c t r o n  between c o l l i e i o n s ,  it i s  no t  d i f f i c u l t  t o  e s t a b l i s h  t h a t  t h e  spec-  

tr:-l d e n p i t y  of  e lementary  c u r r e n t s  induced by tke  motion o f  e l e c t r o n s ,  i s  

p r e c t i c a l l y  c o n s t a n t  (iR not  deyendent on f requency)  at  f <  1 /Tee 

i t  r a p i d l y  d e c r e a s e s  with t h e  r i s e  o f  f requency  a t  f >> 1 /yes 
t h e  mean t ime of e l e c t r o n  r u n ) .  Inasmuch as tlie emiss ion  tempera ture  a t  t h e  

g iven  f requency  i e  p r o p o r t i o n a l  t o  t h e  s p e c t r a l  d e n s i t y  of t h e  c u r r e n t s  

i n d u c i n g  t h e  emiss ion ,  we may admit for t h e  conven t iona l  boundary betvreen 

t h e  f r equency  bands of r a d i o n o i s e  emis s ion  and t h e  usua l  thermal  emiss ion  

of t h e  gas, t h e  "1id.t frequency" i n  t h e  whole 

and 

( te, be ing  

1 N 

F o r  t h e  q u a n t i t a t i v e  e s t i m a t e  of t h e  c h a r a c t e r i s t i c s  o f  a gas d i s -  

= I$" cps ,  inaFnuch f i i m  
cha rce  we may admit t h e  " l i m i t  frequency" v a l u e  

as r a d i o  o twerva t ions  show a dec rease  i n  tlie i n t e n s i t y  o f  r a d i o n o i s e  e m i s 4 o n  

i n  rmvelena ths  s h o r t e r  t han  3cm. Aesumin,? f o r  t he  eFt imate  T = l O O O o  K ,  

and t l ;kinE i n t o  account  ( 4 )  s l o n p s i d e  wi th  t h e  well k n o m  formula l i n k i n g  
e 

tke  t e r m e r a t w e  and tlie v e l o c i t y  of  t h e  p a r t i c l e  3 =v8-;, we o b t a i n  

at f l i n i  

- =lo1' cps  t h e  l e n q t h  of the  f r e e  p a t h  = P/ flim N 2 - c n a  
I n  t e r r e s t r i a l  c o n d i t i o n s ,  t o  t h e  va lue  obta.ined cor responds  t h e  

p r e s s u r e  

t h a t  is ,  an  a l t i t u d e  of t h e  o r d e r  of 35 - 40km. 
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We s h a l l  estimate t h e  degree of  t r a n s p a r e n c e  o f  an  i o n i z e d  l a y e r ,  

u t i l i z i n q  t h e  w e l l  known c o r r r l c t i o n s  

where 2 i& t h e  pa th  oy-er 

6 i F  t h e  c o n d u c t i v i t y  i.: t h e  frccuency a, t i s  t h e  d i e l e c t r i c  c o n s t a n t ,  

i 5  t h e  e f f e c t i v e  c o l l i s i o n  f requency ,  n e i s  t h e  e l e c t r o n  c o n c e n t r a t i o n ,  V e f  
A, is t h e  o s c i l l a t i o n  i-iavelength i n  vacuum; we assume f o r  s i m p l i c i t y  o f  
es t imates  t h a t  t h e  lager  is uniform, t h e r e b y  o b t a i n i n g  t h e  v a l u e  of t h e  i n -  

t e g r a l  c o n c e n t r a t i o n  No ( t o t d .  number o f  e l e c t r o n s  i n  a v e r t i c a l  column of 

1cm cross s e c t i o n ) , n e c e s s a r y  for t h e  zave t o  damp by - e t imes i n  the d i s -  
charge l a y e r  

i c h  t 5 e  C : C  -1i 'iude o f  t h e  visve dampE by e t i m e r ,  

2 

where d is  t h e  t h i c k n e s s  of t h e  l a v e r .  

Hence, f o r  e x a a p l e ,  a t  w = 6 . lolo, Vef = lo1', vie o b t a i n  

NO = 6.78 cmm2. 

Aemming t h e  t h i c k n e s s  of t h e  di ,ccharye l a g e r  t o  be d = 5 + 10 km, 
'7 ve o :> ta in  t h e  r e q u i r e d  e l e c t r o n  c o n c e n t r a t i o n  ne = (0.5 + 1) 1G cmoJ, 

r * h i c h  i f -  by one o r d e r  h iTher  t h a n  t h e  c o n c e n t r a t i o n  e x i s t i n g  i n  t h e  t e r res -  

t r i a l  ionosphere .  Tak in5  i n t o  account t h a t  i n  t h e  g iven  c a s e  an a d d i t i o n a l  

i o n i z a t i o n  s o u r c e  i s  assumed - t h e  a t r m s p h e r i c  c u r r e n t ,  i n d u c i n g  t h e  llglom- 

ing" d i s c h a r g e ,  s u c h  a c o n c e n t r a t i o n  i s  q u i t e  r e a l i s t i c .  

* 
* * 

. ./. . F O l L O C ~ S  I'ipp.11. 
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A P P E N D I X  I1 

We s h a l l  e s t i m a t e  t h e  p o s s i b l e  e f f e c t i v e n e s s  o f  Sun ' s  t he rma l  ener,gy 

iio t r a n s f o r m a t i o n  i n t o  energy of t h e  c u r r e n t ,  feedinc.; t h e  gas d i s c h a r g e  

-. We s h a l l  e x p r e s s  t h i s  ciuantity by t h e  Frod?ict. 

b e i n g  t h e  e f f e c t i v s n e c e  of Sun ' s  t he rma l  enerqy t r a n p f o r m a t i o n  i n t o  t h e  7 8111 
mechanical energy  of a tmospher ic  flowe., qmI - t h e  e f f e c t i v e n e s s  of enerRy 

t r a n r f o r m a t i o n  o f  a tmospher ic  f l o w s  i n t o  t h e  energy  o f  t h e  c u r r e n t ,  feedinp. 

t k e  discharge.  

I n  o r d e r  t o  e s t i m a t e  I \ s m , w e  i sha l l  t a k e  i n t o  account  t h a t  on l J  t h e  

rner id ionz l  c i r c u l a t i o n  performs the  work on a r o t a t i n g  p l a n e t ;  i t  may be 

viewed as a the rma l  engine .  I n  t h i s  t he rma l  engine  u p d r s f t s  a t  low l a t i t u d e s  

corre.cpond t o  a d i a b a t i c  expans ion ,  and t h e  air c u r r e n t  d e s c e n t  correfiponds 

t o  a d i a b a t i c  compression, The h o r i z o n t a l  over f low i n  t h e  upper atmosphere 

l a y e r s ,  from e q u a t o r  t o  polee,  is accompanied by c o o l i n g  and consequen t ly  

co r re sponds  t o  t h e  c o n t i g u i t y  of t h e  o n e r a t i o n a l  hody w i t h  t h e  c o l d  r e s e r v o i r  

of h e a t ,  whereas t h e  r e v e r s e  a i r  flow i n  t h e  lower  a t cosphe re  l a y e r s  co r ree -  

ponds t o  c o n t a c t  w i th  a ho t  retservoir.  T h e r e f o r e ,  t h e  schemat i ce l  d i a c r a m  o f  

an r r i @ e a l r t  a i r  c i r c u l a t i o n  could  be i n t e r p r e t e d  ab a Carnot c y c l e ,  c o n f i i s t i n g  

of  two iEotherms and two adaiabats, whereas t h e  diagrem of  a r e e l  p roce&s  

m i g h t  be  a convex cu rve ,  c l o s e d  a l l - o v e r ,  end inc luded  i n  a s m a l l e r  a r e a  

i m i d e  t h e  r l i d e a l l l  diaqram. 

T h e r e f o r e ,  

where  T t h e  mean t e n 2 e r a t u r e  

of t h e  t empera tu re  of a i r  messes 

of  t h e  p l a n e t  and hT i i i  t h e  mean v a r i a t i o n  

a t  t h e i r  h o r i z o n t a l  d iep lacement  from eoua- 

t o r i a l  t o  p o l a r  r e g i o n s  and v ice-versa .  

F o r  a p l a n e t  t u r n e d  toward t h e  Sun by one s i d e  an analogous r e a s o n i n g  

may be r e p e a t e d ,  conf i ider ing  t h e  c i r c u l a t i o n  between t h e  s u b s o l a r  r e g i o n  o f  

t h e  p l a n e t  and t h e  s i d e  oppos i t e  t o  i t .  
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The r a p i d  r o t a t i o n  of t h e  E a r t h  c o n d i t i o n s  t h e  s t r o n g  v o r t i c i t y  of 

t h e  c i r c u l a t i o n  a t  middle l a t i t u d e s ,  The l a r g e s t  v o r t i c e s ,  t h a t  i s ,  cyc lones  

and a n t i c y c l o n e s  w i t h  h o r i z o n t a l  dimensions of  t h e  o r d e r  o f  t e n s  o f  p l a n e t ' s  

r a d i u s ,  i nduce  a very  s t r o n g  f r i c t i o n ,  owing t o  which t h e  energy  t r a m p o r t  

i s  h i n d e r e d ,  and t h e r e  emerges between t h e  p o l a r  and e c u a t o r i a l  r e g i o n r  tem- 

p e r a t u r e  d i f f e r e n c e s  of  t h e  o r d e r  of 30°, and, conFecuent ly ,  t h e  upper  l i m i t  

of ypm f o r  t h e  E a r t h  i s  found t o  be o f  t h e  o r d e r  o f  0.1. 

apnroach t h e  e s t i m a t e  of on t h e  b a s i s  o f  o t h e r  c o n e i d e r a t i o n s  also. 

It  i e  posciisle t o  

The c:ind v e l o c i t y  i s  of  the  o r d e r  0.3+ 1.19 cm sec'', w h i l e  t h e  

d i f i F i p n t i o n  t ime of t h e  4 . n e t i c  enerqy o f  a i r  liasLjeE i E  o f  t h e  o r d e r  of 

( 3  i. 10) lo5.... The mass of a i r  p a r t i c i p a t i n g  i n  t h e  c i r c u l a t i o n  is 

cm-2 . sec-1. 

10 3 gocrn-2. Thus t h e  d i s s i p a t i o n  of  wind energy  is of  t h e  o r d e r  o f  1 0 ' e r g .  

O f  t h e  same o r d e r  i s  a l s o  t h e  k i n e t i c  energy  o f  t h e  p r e c i p i t a t i o n s ,  

inasmuch as 0.5 
on E a r t h ,  as an average. 

-crno2 p r e c i p i t a t e s  from a h e i g h t  o f  t h e  o r d e r  3.10 5 c m  

Thus i n  o r d e r  t o  o b t a i n  Tsm, we must s u b d i v i d e  t h e  mechanical energy 

l o s s e s  by t h e  mean s o l a r  i n s o l a t i o n ,  t h a t  is by a q u a n t i t y  of t h e  o r d e r  of 
105 erg  cmm2 sec'l . As a r e s u l t ,  we o b t a i n  t \ s m  =lo' 2 . 

Thus, by a d o p t i n g  for t h e  E a r t h  rsm of t h e  o r d e r  of  one p e r c e n t ,  

The d i s s i p a t i o n  of k i n e t i c  energy on Venus may be much l o v e r  t h a n  

m e  s h a l l  no t  commit a cons ide rab le  e r r o r .  

on E e r t h ,  f o r  t h e  p l a n e t  r o t a t e s  ex t remely  slowly. In t h i r  coFe, t h e  wind 

v e l o c i t y  must be h iTh,  E h i l e  t h e  tempera ture  d i f f e r e n c e 6  at v a r i o u s  spots 

of t h e  p l a n e t  a r e  s m a l l ,  b u t  s u f f i c i e n t  f o r  aEcur iny  Tsm = 0.01. B e s i d e s ,  

one F?ould b e a r  i n  mind t h p t  f o r  n e a r l y  l a m i n e r  flows 03 B slovrly r o t a t i n r  

vl.snet 

E / r ,  end consecuen t ly ,  CT may be o f t h e  o r d e r  of e e v e r a l  deg rees .  

t h e  e f f e c t i v e n e s s  Ysmmay be n e a r  t o  i t F  t h e o r e t i c a l  upper l i m i t  

By way of t h e s e  c o n r i d e r a t i o n s ,  one may i n  p a r t i c u l a r  e x p l a i n  t h e  para-  

d o x i a l ,  a t  first s i g h t ,  r e s u l t  of S i n t o n  and S t r o n g  C163, E17 1, o b t z i n e d  by 

them at  messurernent of Venus' thermal r a d i a t i o n .  I f  t h e  S i n t o n  d a t a  are c o r r e c t  

t h e r e  shou ld  be on Venus a v e r t i c a l  g r a d i e n t  comparable wi th  t h e  t e r r e s t r i a l  

t empera tu re  g r a d i e n t ,  t h e  h o r i z o n t a l  g r a d i e n t  be ing  n e a r l y  comple te ly  absen t .  

The t empera tu re  d i f f e r e n c e  between t h e  l i t  and d a r k  s i d e s  of Venus was on ly  

o f  4' a c c o r d i n g  t o  S i n t o n .  
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It is more d i f f i c u l t  t o  e s t i m a t e  TmI,  t? ,e  e f f i c i e n c y  of mechanical 

energy t r ans fo rma t ion  i n t o  e l e c t r i c a l  enerTy, inasmuch as t h i 6  r u a n t i t y  is 

dependent on t h e  conc re t e  mechanism o f  e l e c t r o s t a t i c  f i e l d  format ion  i n  a i r  

flows. Taking  i n t o  account  t h a t  l amina r  flotvs and high wind v e l a c i t i e s  €0:- : .~?7;  

t h e  charge  s e p a r a t i o n  and the format ion  of e l e c t r o s t a t i c  f i e l d s ,  and t h a t  

an e l e c t r o s t a t i c  engine  - type mechanism, having a f a i r l y  good e f f i c i e n c y  , m y  

a c t  i n  t h e  atmosphere,  w e  may a d m k s i b l y  p o s t u l a t e  

-6 amd consequent ly ,  
-10-3 + IO . 
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